1. The angular displacements necessary for 70O correct detection were determined in normal subjects at the shoulder and elbow joints and at the terminal joint of the middle finger. Angular velocities of displacement between 0.1250 and 160'/s were tested. Each joint was tested in the mid-range of its normal excursion. The joints were carefully supported for testing and the muscles acting at the joints were relaxed.
1. The angular displacements necessary for 70O correct detection were determined in normal subjects at the shoulder and elbow joints and at the terminal joint of the middle finger. Angular velocities of displacement between 0.1250 and 160'/s were tested. Each joint was tested in the mid-range of its normal excursion. The joints were carefully supported for testing and the muscles acting at the joints were relaxed.
2. When assessed in terms of angular displacements and angular velocities, proprioceptive performance at the shoulder and elbow joints was superior to that at the finger joint. Optimal performance at the finger joint was attained over the range of angular velocities from 100 to 800/s. Optimal performance at both more proximal joints was optimal over a wider range (20-800/s). Active pointing movements made without vision of the moving part were performed at each joint at velocities within the range of optimal proprioceptive performance.
3. However, when detection levels and displ cement velocities were expressed in terms of linear displacements and velocities at the finger tip for all three joints, the finger joint gave the best performance and the shoulder the worst. In practical terms, therefore, displacements of a given linear extent are best detected if they move distal joints and worst if they move proximal joints.
4. For the elbow and finger joints the detection level and velocity data were expressed also in terms of proportional changes in the lengths of muscles operating at these joints, and as proportional changes in the distance between the points of attachment of the joint capsules. Analysis in terms of proportional changes of muscle length showed remarkably similar performance levels at both joints. This suggests that intramuscular receptors are important determinants of proprioceptive performance. Analysis in terms ofjoint capsular displacement did not unify the data: on this form of analysis proprioceptive performance at the elbow joint was superior. INTRODUCTION A simple and widely used test of proprioceptive sensibility is to impose movements of constant angular velocity on a joint and to ask the subject to indicate when he is sure that a movement has occurred. The test was introduced by Goldscheider in 1889, and has been variously modified. Sometimes the subject is required to make his detection only when he knows the direction, rather than simply the existence, of imposed movement. This is because it is known that movements can be perceived before their directions are known (Goldscheider, 1889; Laidlaw & Hamilton, 1937a, b; and this paper) , and it has been argued that only when an awareness of both movement and direction is required can tests be regarded as specific for proprioceptive mechanisms (McCloskey, 1978) .
In clinical practice the magnitude of displacement before detection is judged against performance on the opposite side of the body (when that is normal), or against the examiner's clinical experience of normality. In the experimental situation the results are usually expressed as the detection threshold, the angular displacement occurring before detection. In both cases observations are usually confined to slow velocities of imposed angular rotation to avoid difficulties related to the subject's response time being large in comparison with the time for actually making the detection. Goldscheider (1889) , and later Cleghorn & Darcus (1952) , overcame this problem by imposing rotations of known amplitude at a given velocity and allowing an interval after conclusion of the movement for the subject to indicate detection of movement and direction. A similar method was used here. Goldscheider's (1889) experiments demonstrated that detection thresholds for proximal joints are lower than those for more distal joints. This finding is quoted widely in modern textbooks of physiology. However, at least some of the experiments which led Goldscheider to this conclusion were carried out without requiring the subject to state the direction of imposed movement, and so have been criticized on the grounds that they did not test specifically proprioceptive mechanisms (McCloskey, 1978) . Moreover, the subsequent experiments of Laidlaw & Hamilton (1937 a, b) , in which detection of both movement and direction was required, showed no consistent differences between proximal and distal joints.
The present study examined the detection thresholds for rotations imposed on the shoulder joint, the elbow joint and the terminal joint of the middle finger, over a wider range of angular velocities than has been reported by previous workers. Part of the work has been reported in abstract form (Hall & McCloskey, 1981) .
METHODS
Determinations were made of the 700 detection levels for angular rotations imposed on the finger, elbow and shoulder joints of ten healthy, adult male and female subjects, including one of the authors (D.I.McC.). Seven of these subjects had participated in the experiments described in the accompanying paper (Gandevia, Hall, McCloskey & Potter, 1983) , and the relevant data obtained in that study for the distal interphalangeal joint of the middle finger are included again here, together with similar data from the three additional subjects. Data from all ten subjects were obtained in this study for the elbow joint and the shoulder joint.
During all tests the subjects were instructed to relax the muscles at the test joint completely. The subject's view of the test joint and of the apparatus was blocked, and the apparatus made no detectable sound when operating.
Apparatus and calibration
Displacements of the test joints were made by a large electromagnetic vibrator (Advanced Dynamics Industries Vibrator AV-50 with oscillator-amplifier N-300) driven by a variable ramp generator with position feedback. Position was recorded by displaying on a storage oscilloscope or on a pen recorder the output of a position transducer (Schaevitz GPM-101) coupled to the displacing rod. Fig. 1 is a diagram of the apparatus and postures used for the three joints. The terminal joint of the middle finger was tested, as described in the accompanying paper (Gandevia et al. 1983 Fig. 1 . Apparatus and positions used for determining detection levels for movements of the terminal joint of the middle finger, the elbow joint and the shoulder joint. The left panel shows, above, the board upon which the hand was fixed for testing the finger joint and, below, the hand placed on the board with the distal phalanx of the middle finger protruding beyond it, and fixed to a rod moved by an electromechanical vibrator. The centre panel shows, above, the carrier upon which the forearm was rested for testing the elbow joint and, below, the arm in the carrier with the axes of the elbow and of the carrier (A) aligned, and the carrier attached to a rod from the electromechanical vibrator. The right panel shows, above, the carrier upon which the arm was rested for testing the shoulder joint and, below, the arm in the carrier with the axes of the shoulder (X) and carrier (A) aligned as closely as possible. Testing was carried out with the arm in position I, which was more comfortable than position II. Coupling of the finger to the vibrator was by means of a stirrup arrangement attaching to a firm rubber 'thimble' which fitted over the fingertip and extended proximally no further than the base of the fingernail. Angular calibration was made using a light wire pointer on the tip of the finger and a large protractor aligned directly beneath it.
The elbow joint was tested while the forearm was supported in a metal splint (Fig. 1 ). This splint was mounted on a movable board at one end of which there was an axis which was fixed to a table top. The carrier moved in an arc about the axis supported by a small wheel (36 cm from the axis) running freely on the smooth table top. The apparatus was moved by the electromagnetic vibrator which was coupled to the carrier 21 cm from the axis. The subject's bare, pronated forearm was laid in the trough-like metal splint on the carrier with the axis of elbow joint rotation aligned with the carrier's axis of rotation. The shoulder joint and the elbow joint were set in the same plane. The forearm and hand were wrapped into the splint using a gauze bandage. The upper arm was supported on sandbags. The initial angle of the elbow was set at 90°, and rotations into flexion and extension were imposed in the horizontal plane. Calibrations were made by placing a large protractor under the carrier with its centre beneath the axis of rotation.
The carrier used for imposing movements on the elbow joint was modified to support the arm for movement at the shoulder joint. The upper arm and forearm were secured into a long trough-like splint. Initially the elbow was fixed in extension for this (Fig. 1: position II), but most subjects found that this posture became uncomfortable as the experiment proceeded. Therefore, all tests were performed with the elbow fixed in 900 of flexion ( Fig. 1 : position I), the forearm pronated, and the upper arm, forearm and hand wrapped into the splint using a gauze bandage. The carrier moved about a fixed axis, as before, but in this series of experiments it was impossible to place the axis of rotation of the shoulder joint directly over the axis of the carrier's rotation: therefore the latter was set 11 cm distal to the true axis of shoulder rotation. This imposed no obvious distortions of the tissues around the shoulder for the quite small angular rotations used, nor could the subjects detect that the axes were slightly misaligned even when permitted to make much larger, active movements at the shoulder joint. The values for measured detection levels and velocities were converted from rotations of the carrier about its axis into displacements at the shoulder joint. For testing, the shoulder was set at right angles to the coronal plane of the body, and the arm moved on its carrier in a horizontal plane.
Testing procedures
Detection levels for each subject at each joint were determined over a range of velocities of angular rotation. Each joint was tested in a separate 2-3 h session. The finger was tested at 1-25°, 25°, 5°, 100, 200, 400, 800 and 1600/s; the elbow at 0-1560, 0-313°, 0.6250, 1-250, 250, 50, 200 and 80'/s; and the shoulder at 0-125°, 0-250, 050°, 1°, 2°, 40, 160 and 640/s. The 700% detection levels were determined by a method similar to that used by Goldscheider (I1889), Cleghorn & Darcus (1952) and Gandevia et al. (1983) . Successive sets of movements of the same angular extent were imposed on the test joint at a given angular velocity until the smallest amplitude was found at which the subject could detect 700% or more displacements. Each set of imposed movements comprised a random mix of ten flexions and ten extensions and the subject was required to specify the direction of movement correctly within 3 s of its completion to be scored as having detected it. The steps of amplitude for sets of movements used in testing the finger joint were 0.250, 0 50, 1°, then 1°i ncrements to the maximum possible. For the elbow and shoulder joints they were 0-10, 0.20, 0Q4°, 0.60, 1, then 0.50 steps to the maximum possible. If a subject failed to score 70 % correct detections at the maximum excursion possible, but had made some correct detections at the angular velocity being tested, the threshold was recorded as the next increment above the maximum. This was necessary here only sometimes, and only for the elbow and shoulder joints (as 20 was the maximum excursion possible for elbow and shoulder, 2.50 was recorded when necessary). This practice is likely to have led to an underestimation of the 700% detection level on the relatively few occasions it was employed: it did, however, provide data on occasions when the apparatus could not produce sufficiently large excursions to allow usual procedure to be followed. RESULTS At close to the criterion level of 70 0 correct, movement of a joint is usually clearly perceived even when its direction is not. This was reported by all subjects. For slower movements, some likened the sensation to that sometimes experienced when a lift starts to move and one is at first uncertain about whether it is going up or down.
At faster velocities, subjects were often in no doubt that a movement had occurred, but made no response because they could not nominate its direction. It is clear that, as Laidlaw & Hamilton (1937 a, b) stressed, the detection of the mere occurrence of movement has a lower threshold than the detection ofdirection of movement. As noted in the Introduction, it is the latter which is likely to depend on specifically proprioceptive mechanisms. In the present study subjects were instructed to respond only when they knew the direction of imposed movement, and thus many movements which were known to have occurred were not detected by the criteria used here.
Indeed, the frequency of 'false positives' registered (movement detected, direction incorrect) was low -less than 5 0. However, the low-threshold non-specific signals of occurrence of movement may have served as alerting signals for the subjects in their concentration on detecting direction of movement.
Angular rotation
The 7000 detection levels recorded in experiments on the terminal joint of the middle finger, the elbow joint and the shoulder joint are shown in Fig. 2 . As the subjects showed no systematic difference between detection of movements into flexion and into extension, data for movements in opposite directions are grouped together. 2 shows that proprioceptive acuity at the distal interphalangeal joint of the middle finger improved with increasing angular velocity, to a broad optimal range between about 200 and 800/s. Performance deteriorated at 1600/s (7000 detection level at 160'/s was greater than at 800/s: paired t test, P < 0 05; n.s. on grouped data).
Proprioceptive performance at the elbow and shoulder joints was superior to that at the finger joint at all comparable angular velocities (70 0 detection levels compared, grouped data, t test, P < 0 001). Shoulder and elbow joints gave similar detection levels, with those for the shoulder joint consistently a little lower than those for the elbow joint. Optimal performance at both joints was attained at lower angular velocities than with the finger joint, and was maintained through the broad range of angular velocities from 20 to 80'/s, without significant deterioration at the higher velocities tested.
In testing the elbow and shoulder joints the pronated hand and forearm were bound into a trough-like splint on a carrier. The palm of the hand and the sensitive pads of the digits rested on the splint as the tests were carried out. It seemed possible that cutaneous receptors in the hand might have been activated by the movement, and have contributed to the detections, particularly at the faster velocities. Subjects denied any awareness of such signals when making their detection. The possibility was ruled out in one subject when the elbow joint was tested before and after anaesthetizing the whole hand, without altering proprioceptive performance. The hand was anaesthetized by ischaemic/pressure block achieved by inflation of a blood pressure cuff to 300 mmHg at the wrist (see Goodwin, McCloskey & Matthews, 1972) after obtaining the informed consent of the subject.
Proportions of range of normal movements
The data shown in Fig. 2 were plotted there in the form in which they were collected -as detection levels in degrees, and velocities of movement in degrees per second. In this and the following sections of the Results, the same data are converted into different terms for analysis.
The normal ranges of angular excursion at the three joints tested are not the same. The distal interphalangeal joint has a range of 90°, the elbow joint 145°, and the shoulder joint 1700 in the horizontal plane as tested (Kapandji, 1970 ; confirmed here as approximately correct) Using these figures it was possible to convert the data of degrees and degrees per second into terms of proportions of the range of normal movement. When expressed in these terms proprioceptive acuity was revealed again as better at proximal than at dismal joints.
Linear displacements
A given angular rotation at the terminal joint of the middle finger moves the tip of that finger through a certain distance. Rotation of the shoulder joint through a similar angle carries the same fingertip, at the end of an extended arm and hand, through a much greater distance. Rotation of the elbow joint through a similar angle involves a movement at the fingertip of an intermediate amount. It is clearly possible, therefore, to express the data on angular rotations in terms of linear displacements and velocities of the remote fingertip. This was done here. Conversion factors, which were determined from measurements made on the subjects (who were all adults of medium build) were as follows: 10 of rotation of the terminal joint of the middle finger moves the fingertip 0 4 mm; 1°of rotation at the elbow joint moves the fingertip 6-1 mm; and 10 of rotation at the shoulder joint moves the fingertip 13-13 mm. When these factors were applied to the base data, the results shown in Fig. 3 were obtained.
It should be noted that, when proprioceptive acuity is analysed in terms of linear displacements and velocities at the end of the moving limb, as in Fig. 3 , the previously demonstrated order of proprioceptive performance is reversed. The distal joint is shown to be superior, and the proximal joints inferior.
Changes in the lengths of muscle fascicles
Potential contributors to proprioceptive performance are intramuscular stretch receptors. In order to analyse the behaviour of this type of receptor to proprioceptive performance, measurements were made of the lengths of fascicles in the mucles which flex and extend the elbow joint and the terminal joint of the middle finger. Measurements at the shoulder joint were not made because of uncertainty about Fig. 3 . The data collected from ten subjects in terms of angular displacements and velocities, and illustrated in those terms in Fig. 2 , are here shown converted to terms of the linear displacements and velocities (log scale) occurring at the fingertip as each of the test joints is rotated. Data for the finger joint are given as circles, for the elbow joint as triangles and for the shoulder joint as squares. Assessed in these terms proprioceptive performance is superior at more distal joints. (Note that this reverses the order of proprioceptive performances given in the presentation in Fig. 2.) which fascicles and which muscles were appropriate. The measurements were made in the dissected, unembalmed cadaver of an adult male of average build. Individual muscles operating at the two joints were displayed and closely inspected. Measurements were made of the lengths of clear, individual muscle fascicles within the muscle, not of the whole muscle bellies. Where the lengths of individual fascicles varied in any one muscle, the length mid-way between the shortest and longest fascicle measured was recorded. The fascicles were measured with the joint held at the position in which it was tested in the present experiments. Rotation of the joint through a measured angular excursion (usually 90°) gave a movement together or apart of the points of L. A. HALL AND D.1. MeCLOSKEY origin and insertion of the muscle: assuming no extension of the tendon in life by rotations imposed on the relaxed joints, the extent of this movement gave a figure for the change in fascicle length per degree of rotation. In turn, this could be expressed as percentage change in fascicle length per degree, and factors obtained to convert the data into these terms. The measurements are shown in Table 1 . Fig. 4 shows the 700 detection levels and the velocities of joint movement plotted in terms of proportional changes in the lengths of muscle fascicles. In this form of presentation both the proximal and the distal joints give comparable proprioceptive performance. What is to be noted particularly in Fig. 4 is that the data relating to both joints correspond closely over the fairly broad range of optimal performances.
Joint capsular displacement
Participation of receptors in the joint capsules and ligaments must also be considered as one of the mechanisms underlying the proprioceptive performances analysed here. Measurements were made of the joint capsules of the elbow joint and the terminal joint of the middle finger in the same cadaver described above. Corresponding measurements for the shoulder were not made because of the complexity of the arrangement of the shoulder joint capsule and its attachments. The distances between the points of capsular attachment on flexor and extensor surfaces of each joint were measured with the joint held in the position in which it was tested in the present experiments. Rotation of the joint through a measured angular excursion (600 or 900) and further measurement gave a figure for the changes in these distances per degree of angular rotation.
With the conversion factors thus obtained, the 7000 detection levels and the velocities of joint movement were plotted in terms of proportional changes in joint capsular length. On this form of analysis proprioceptive performance of the elbow joint was markedly superior to that of the finger joint.
Active movement
The velocities at which active movements were performed were measured at each of the test joints in four of the subjects. In each test the subject sat with the joint to be moved in the same posture and apparatus in which the tests for detection of imposed movements had previously been conducted. The apparatus was disconnected from the electromagnetic vibrator, however, and moved freely in response to small forces (a load of 50 g applied at the fingertip was sufficient to move each relaxed joint at a velocity faster than any recorded here). Position of the test joint was measured, for finger joint movement with the usual position transducer, and for elbow and shoulder joints with a sensitive potentiometer mounted co-axially with the test joint. The subjects sat facing an array of four objects about a metre in front of them, and were asked to point an imaginary long wire pointer attached to the middle finger as accurately as possible at the different targets. The subjects could see the targets, but not the arm, hand or finger. They were permitted to undertake the task in their own time and could choose movements between any targets they chose. The targets were between 150 and 400 apart. The movements were recorded on a pen recorder. The average velocity of each movement was calculated between a point 40 of rotation from commencement of the movement and 40 of rotation from its conclusion. In the conditions of this experiment it was found that angular velocity was fairly constant in this range. Fig. 5 shows the velocities chosen in these experiments at each of the test joints: the velocities of one hundred movements, twenty-five from each subject, are shown for each joint. For movements at the distal interphalangeal joint the velocities of Lus U, -I_, active movements varied from 300 to 2850/s. However, the majority (70 00) were made at velocities between 50°and 1100/s. For the elbow joint slower velocities were chosen: between 50 and 550/s, with 850 of velocities in the range 10-350/s. Even slower velocities were preferred for shoulder movements: between 50 and 350/s, with 620 of velocities in the range 100-200/s.
DISCUSSION
This paper reports the amplitudes of joint rotation required for 7000 correct detection by normal subjects. Data for three joints in the upper limb are reported, for a broad range of velocities of rotation.
The choice of 700 correct as the detection level of interest in this study was a purely arbitrary one. In subjects where we measured both 500 and 700 levels, the shapes of the relations between amplitude and velocity were unchanged, with slightly smaller amplitudes required at each velocity when the 500 level was used. In the conditions of this study, the 500% level would not have the same significance as it has in simple detection tasks where a subject has only to register the presence or absence of a stimulus in a specified period. In those conditions, of course, consistent detection at above the 500 level indicates a better than random performance. Here, however, simple detection was not enough, as the proprioceptively significant property, direction, was also required. It has already been noted that most subjects detected the presence of imposed movements on many occasions when they could not nominate direction, and so remained silent. Also there were very few 'false positives', that is, nominations of the incorrect direction for perceived movements. In such conditions it is clear that detections at a rate above this low level of false positives are better than random performance. Therefore, the choice of the 700 detection level here represents choice of a criterion level which requires performance clearly above threshold level.
The results of the present study confirm Goldscheider's (1889) finding that, expressed in terms of angular rotation, proprioceptive acuity is higher at more proximal joints. A similar conclusion follows if the data are expressed in terms of proportions of the range of angular excursion, instead of in degrees and degrees per second. Consultation of previous work in this field (Goldscheider, 1889; Pillsbury, 1901; Winter, 1912; Laidlaw & Hamilton, 1937b; Cleghorn & Darcus, 1952; Provins, 1958; Kokmen, Bossmeyer & Williams, 1977) shows that this widely accepted conclusion hitherto rested entirely on Goldscheider's findings, conducted over a much narrower range of angular velocities, and had not been duplicated by others. Furthermore, the present study also confirmed Goldscheider's finding that self-paced, active movements at a joint are usually carried out at velocities within the range of optimal proprioceptive performance.
The superior proprioceptive performance, measured in terms of angular rotation, of proximal joints need not imply a greater concern of the central nervous system for proximal rather than distal joints. Distal joints are more severely affected by cortical lesions (Head, 1920; Holmes, 1927) , and are more strongly perceived in phantom limbs (Henderson & Smyth, 1948) , and so appear to have an importance related to the area of cortical representation of the body parts (Penfield & Boldrey, 1937 Fig. 3 by appropriately scaling the data which had been collected in angular terms, distal joints gave clearly superior performance. What Fig. 3 means, for example, is that if a small linear displacement occurs at the fingertip, at any given linear velocity, it will be most readily detected if it comes about by rotation of only the finger joint, and least readily detected if the rotation is confined to the shoulder joint. Clearly, in these practical terms, acuity is superior at distal joints.
The data may also be viewed with underlying mechanisms in mind. Analysis in terms of movement of the points of attachment of joint capsules at the elbow and terminal joint of the finger does not unify the data: for a given proportional change in the distance between joint capsular attachments, at any velocity of such change, the elbow joint gives superior proprioceptive performance. The points of attachment of the joint capsule, and their movement with rotation of the joint, were taken here as measures of joint capsular movement. It is clear from inspection of the capsules in a fresh cadaver, however, that such movement of attachments is only a poor indicator of capsular stretch. Over most of the range of excursion in each joint the capsular fibres are not under stretch and the capsular surface is slack, or even folded. Only when the joint nears one limit of its excursion is the capsule tightened. This fits with the well-established property of joint receptors, which usually fire maximally at one, or sometimes both extremes of the joint's range (e.g. Clark & Burgess, 1975; Ferrell, 1980) . In so far as movement of the capsule's attachment can be regarded as an indicator of the mechanical disturbance presented to the joint receptors, however, and assuming in addition that the populations of such receptors have comparable influences centrally, the findings reported here suggest that the joint receptors cannot be solely responsible for performance -otherwise, performance at both joints would have been comparable when expressed in terms of capsular movement. An alternative statement of this conclusion would be that, if joint receptors do account for performance at the two joints, then either the receptor populations at the two joints differ in number, sensitivity or central influence, or the similar proportional movements of the capsular attachments impose systematically different degrees of stretch on capsules. Both these alternatives represent testable hypotheses.
Perhaps the most striking feature to emerge from this study is the way that proprioceptive performance at the finger and elbow joints is unified by analysis in terms of the lengths of fascicles of the muscles which operate those joints (Fig. 4) . This strongly suggests a common mechanism based upon this variable. Such a mechanism implies a receptor population sensitive to very small changes of fascicle length. For example, the optimal detection levels shown in Fig. 4 lie approximately between 01025 and 0-05 00 of the length of the fascicles, for velocities between about 25-50 1m, at 1-20 mm/s. The results suggest involvement of the muscle spindles and, indeed, support the existing evidence of a role for these receptors in conscious proprioception (Goodwin et al. 1972; Goodwin, 1976; Matthews, 1977; McCloskey, 1978 McCloskey, , 1981 . The muscle spindles detect length changes with great sensitivity: for example, Matthews & Stein (1969) reported that 3000 modulation of the discharge of a single spindle primary could be produced by a movement of 100 /um (probably about 0-2 0% of muscle length). Goodwin, Hulliger & Matthews (1975) demonstrated good spindle responses to 1 Hz stretches of only 10 jtm amplitude (see also Matthews, 1972; Hasan & Houk, 1975) . Furthermore, these data refer to unitary spindle behaviour, and it is reasonable to assume that thresholds for delectability of summed afferent discharge will be far less. The examples given refer to spindle sensitivity in the cat and it has been argued (Vallbo, 1974 ) that human spindles may have considerably less position sensitivity than cat hind limb extensors: that conclusion, however, is based upon conversion to proportional muscle lengths ofthe displacements activating human spindles, and the conversion factors used may have been inappropriate. Elsewhere, Vallbo, Hagbarth, Torebjork & Wallin (1979) concluded that human spindles exhibit a high sensitivity for small movements. Newsom Davis (1975) argued that biopsied human intercostal spindles in his study had, if anything, a higher static ('position') sensitivity than those of the cat, once proportional changes of length had been taken into account. More recently, reported modulation of single human spindles in synchrony with the arterial pulse, and
McKeon, Burke & Gandevia (1981) reported human spindles to be sensitive to twitch contractions of single motor units -findings which have been seen with feline spindles and which indicate that human spindles have comparably high sensitivity.
The unification of data on proprioceptive performance made possible by analysis in terms of proportional changes in the lengths of muscle fascicles need not indicate that muscle groups at all joints will give similar performance. The elbow joint and the finger joint tested here both move the same distal body part, and might well be given equal significance within the central nervous system. It need not follow that the proprioceptive performance of joints moving another body part, say the toe, are comparably 'tuned'. It is likely also that the performance documented here in terms of muscle receptors is one which is dependent upon the summed input from receptors in all of the muscles operating at a joint. When the spindles in an agonist group of muscles discharge in response to rotation of a joint, spindles in the antagonist will discharge less or fall silent, and both the increased discharge from one group and decreased discharge from the other are likely to be important in detecting movement. That both sets of receptors are used was demonstrated in the accompanying paper (Gandevia et al. 1983) , where the removal of inputs from one of the agonist/antagonist muscle groups was shown to result in a reduction in proprioceptive acuity. Ho ever, when estimation of the extent of a suprathreshold displacement, rather than simply its detection, is the task in hand, it may well be that receptors in agonist and antagonist muscle groups have very different significance.
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